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. ~ ON THE TEMPER—BRITTLENESS OF STEELS
¢ Kiyoshi Nagasawa. X

SYNOPSIS:— 1In this investigation, a statistic survey on the phenomenon of temper-brittleness
is made with 164 actual charges of plain ¢arbon and special steéls.

The results show that the temper-brittleness is primai.rily related to the eonstitution of steel. The
elements Cr, Mn, Si, Ni and P are mnﬁrmaﬂ to promote the phenomenon. Closer observation of the
‘phendmena reveals the fact that there are two kinds of temper-bntt‘eness - the one is observed at
the tempering range 450°~525°, and 1s not affected by the rate of cooling after temperlng, ‘while the
other occurs 2bove 525° and shows the 'vast difference in the 1mpact value between ra,pldly cooled
and slowly cooled samples; which has hitherto been known as the temper-bmttleness To distinguish

. these ‘two klnds of temper-brittleness the present authur has called the former as the “ First Temper-
k _Buttlex ess > and the Iatter as the Second Temper-Bnttleness ¥ respectively.

’I‘hp so-called carbide f'hnmm 'hnq heen devglgped When- martenqte a SLpeY‘-QatLPZth solid <nhl-
tion £ carbide, is tempered, the prec1p1tat10n of the carbide.occurs at the tempering range 450°~525°.
:Th]S precipitation is the cause of the first tempel-brlttleneSS’ ‘at the tempering temperature above
525° the redissolution of the precipitated carbide bigins. to take: place as the result of the inereaing
solubility of the carbide in e-iron.- This causes the dlfference of impact value between rapid and slow
coeled samples, that is the second temper-brittleness. -

* The carbide, which causes the temper-bittleness, is ascertained to-be Fe,C' or its solid solid solution;
~and it is considered that the occurence of the temper-brittleness in steels depends on the correlatlon
of these carbides and o phase. .

It is possible, in all steels, to observe more or less the first temper-brittleness, which is conmdered
to be the combined effect of S, Mn,; P and eventually Cr present in the-steels.

It has often been reported that even in. the case of samples having an identical composition and
subjected to the same heat treatment,; there is a great variation in the suscepmblhty of the temper-
brittlenéss. The present authur believes that this is due to the existing ox1des in the steels, and the
more the oxides present, the larger the ratio of the susceptibility.

The remeding action of Mo and W i confirmed in the temper-brittleness of several steels, and

its mechanismis is described.
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'ON THE AGING OF QUENCHED CARBON STEELS.
Kinji Yokoyama

SYA'O PSIS: —Carbon steels containing various percentages of carbon from 003 upto 1'5 which

~-were quenched in water or oil from vy-state, were aged at room temperature for about 2 months,

during which the change in Rockwell hardness as well as electrical resistance was studied., Further,
the effect of tempering on these properties of freshly quenched specimens and also of aged

‘ones was’ investigated. The results of experiments are as follows:~ (1) The hardness of quenched

steels is increased by aging ab room temperature, the increase being greater in low than in high
carbon steels. (2) Electrical resistance is decreased by aging, especially in high carbon steels,
while in'hyper-eutectoid steel quenched from temperatures above 1,000° it increases. (3). By temper-

waili© 1 DY Ppertelil Lol

ing at 100° for 30 minutes, maximum hardness is obtained in quenched specimens and also

" aged ones, although the increase in hardness is greater in the former than in the latter. (4) When

quenched specimens are tempered at 60°, the change in electrical resistance corresponding to
that during aging is shown, but in aged specimens no appreciable change. is observable.. Temper-

“ ' ing at 100° or more decreases electrical resistance considerably, the change being similar in both
. Specimens.

The aging- phenomenon is satlsfactorﬂy explained as the combined effect of the nature of
structural constituents, i. e., supersaturated solid solution of carbon in «-iron and c-martensite,
together with that of internal stress caused by quenching. In «-iron, in the process of separation
of cementite molecules during aging at room temperature as in the case of the quenching below
A, point, carbon atoms migrate within the lattice to concentrate themselves; this assemblage of
carbon atoms causes the distortion of iron lattice and therefore-the hardenmg of steels. During
aging at room temperature the softer «-martensite transforms into harder G- martensite, o hard-

. ness increases but electrical resistance decreases. Furthermore, hardness and electmcal resistance

must be diminished by reduction of m‘l’mnal stress.

muss: 0e GlIN2Ils reancuio miernai

I # = KT I A L 75 e T s L7ty

SO T ORER T LICK

%o RETZITHETRALATR ~ OWFFAs

*) BT R
D BT, R EIR SRR

YLz, C @%fa\ﬁ%wﬁﬁ VIR O 558 & 38
BT RS E T R L. ZICH LBRA —

Ni-Mn$i 7 158 030 0711 128 0°014 0°017 125

e e oo a0t
7 137 033 0°26 053 0:025 0027 320 085

o 188 0'35 030 045 0°015 0016 3:08 0'85 Cr-Mnif 7 161 0'32 0:36 0°98 0011 0017 — 073
4 139 0:32 026 042 0°021 0018 3:30 0'86 ” ’ 162 038 042 1'53 0018 0015 — 081
s 140 031 0:23 0'39 0:010 0010 305 092 ’ #7168 7035 087 100 0018 0018 — 1712
” 141 0'23 020 028 0022 0008 292 0'94 Ni-Cr-Mn 8§ 7 164 030 042 086 0014 0:017 259 0'81

% ©

@ﬂfbéoﬁ"l"ﬁﬁi:ﬁl)kir%;go 18~1"59% 0 YFE O
ADE2 0L

IC 2+ DHFE

v 7 CKE T, 43

v



